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(54) Tire having silica reinforced rubber tread with outer cap containing carbon black 



(57) The invention relates to a ruk)ber tire composed 
of carbon black reinforced rubber carcass and having a 
rubber tread which is quantitatively reinforced with silica 
arxJ which, in turn, has a thin, integral, rubber outer cap 
on its outer surface which contains a quantitative 
amount of cart)on t)tack. 

In one aspect said outer cap, sometimes referred 
to herein as an outer top cap, extends across the outer 
surface of the tread wtiich is normally intended to t>e 
ground contacting and in an alternative aspect, the 
outer top cap extends only over the outer portion. 



namely the peripheral edges, of said tread surface 
intended to be ground contacting. 

TTie outer. cartx>n black reinforced, rubber tread top 
cap connects with at least one other cartx>n black rein- 
forced rubber component of the tire in a manner to pro- 
vide a path of reduced electrical resistance from said 
outer tread top cap to the bead portion of the tire car- 
cass and. therefore, such a path from the vehicle to the 
road surface. 




FIG-9 
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Descripti n 

Held 

5 TTiis invention relates to a rubber tire with cartxxi black reinfOTced carcass and a rubber tread containing quantita- 
tive silica reinforcement and a minimal anuunt of cartxHi btacK if any, said tread having an thin, integral, rubber outer 
top cap layer on the outer surface of the tread which is intended to be ground contacting which is composed of rubber 
which contains a quantitative amount of cartx>n black and a mininrtal amount, if any, of silica. 

In one aspect, the invention also relates to a rubber tire with sulfur vulcanized, caxbon black reinforced carcass and 

10 sulfur vulcanized tread of a cap^base construction, and particularly a cap/t>ase-wing construction in which the tread cap 
is quantitatively reinforced with silica and the underlying base, or base-wing as the case may be. which extends over a 
portion of the sidewall of the carcass, is cartxHi black reinforced wherein said tread cap has a thin, integral, rubber outer 
top cap layer over at least a portion of the tread cap and extends ever a portion of an outer surface of the said tread 
base, or base^ing as the case may be, and may optionally contact the sktewall of the tire carcass, where said thin, 

75 integral, rubber outer top cap layer contains a quantitative amount of cartxKi black and a minimal amount of silica, if any, 
and is sulfur co-vulcanized with said tread cap and base or base-wing. 

The cart)on black reinforced integral rubber outer tread top cap, which is integral with the outer surface of the tread 
in a manner intended to k>e ground-contacting, may extend across such outer surface of tiie tire tread or, alternatively, 
only over the peripheral edges of such outer surface the tread. 

20 The outer tread top cap connects with at least one other cartx)n black reinforced component of the tire carcass to 
provide a continuous path of reduced electrical resistartce from said outer tread top cap to the t>ead portion of the tire 
carcassw Such reduced electrical resistance is in comparison to electrical restetance between the silica reinforced tire 
tread itself and the t>ead portion of the tire carcass. 

25 Background 

Pneumatic mbber tires are conventionally prepared with a rubber tread which can be a blend of various rubbers 
which are, typically, sulfur curable or sulfur cured as ttie case may be. diene based elastomers. The tire rubber, includ- 
ing it s tread portio n, is typically reinforced with (artx)n black reinforcing fgler and with a minima l, if anv. of silica. 

30 In one aspect, treads of rut>t>er tires are often prepared of a capA>ase construction in which the outer portion of the 
tread is the cap and ttie underiying part of the tread between the tread cap and tiie si4)porting tire carcass, is its base. 
The cap portion is usually designed to ground-contacting and, tfujs, have associated properties and the t>ase portion 
generally overlays the tire carcass and is usually designed to support the cap, therefore, rv)t to be ground-contacting. 
Such cap/base constructions are well known to those skilled in the art. 

35 In one aspect of ttiis invention, a tread of cap/base construction is contemplated in which, for ttie purposes of this 
invention, tiie tread cap is substantially reinforced with silica and the underiying tread base is substantially carbon black 
reinforced. 

lnoneaspectthetiretread,ortreadbaseinthecaseof a cap/base constniction may be presented in a form of a 
base-wing in which a portion g4 the tread, or tread base as the case niay be, extends'outward an^ 
40 outer surface of the tire SKlewall of the tire carcass. 

It is to be appreciated that conventional tread, and tread cap/base, as the case may be. constructions are typically 
prepared by an extrusion process where, in the case of a cap/t>ase cor^truction. the cap arxJ base are extiuled 
together to form a unified extrusfon. Such fread extrusion processes are well known to tiiose having skill in such art. 

For the purposes of this presentation, a tire is viewed as being composed of a circumferential tread and supporting 
45 carcass ttterefor. The carcass is viewed as being composed of relatively conventional elements which include but are 
not limited to carbon black reinforced rubber sidewalls (although a portion of an outer suriace of the stdewalls may be 
colored by an appropriate pigment such as, for example, white titanium dioxide and. thus, not contain cart)on black), 
beads, apex, inneriiner and the supporting carcass plies, including fabric reinforced plies. A shoukier regkxi of a tire is 
conskiered as being a portion of tiie tire where Hs sidewall meets its tread. It is not normally a sharp line of demarkation 
50 and its actual position may vary somewhat from tire to tire. The bead portion of the carcass is typically composed of a 
relatively inextensible txjndle of wires whrch is encased in caxtxm black reinforced rubber and is designed to contact a 
metal rim on which the tire itself is nfXHjnted to form a tire/irim assembly whk;h itself is conventionally adapted to be 
nrwunted on a vehicle, particularly a wheel of a vehicle. TTie rim is typically steel or aluminum, or alfoy thereof and is. 
thus, electrically conductive since tiie metal is conskiered as having a very low resistance tof bw of electrkHty. The term 
55 "metal", as used herein for the metal rim, is intended to mean electrically conductive metals such as, for exanrple, tiie 
aforesaid steel and aluminum rims as woukJ be understood by those having skill in such art. 

By the term "carbon black" reinforced, it is meant that the rubber components of the tir carcass rubber which are 
cartx)n black reinforced, contain a quantitative anxnjnt of carix)n black reinforcement, normally at least 25 phr, and a 
minimal anxHint, if any, of silica and ttie weight ratio of carbon black to silk^a is at least 5/1 . 
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It is acknowledged that, in some tire constnictions. caitxm black reinforced rubber components such as, fa exam- 
ple, components which ar sometimes known as chippers and chafers may be positioned in the bead area or region of 
the tire construction to assist in cushioning the bead component against the metal rim. In the context of this description, 
a reference to the aforesaid bead conrponent of the tire carcass is intended to include such other associated rubber 
5 components unless othenivise indicated, and thereby are a part of the tire carcass. 

In practice, as is well known to those having skill in such art, the tire, which may sometimes be refenred to as a 
pneumatic tire, Is mounted on the metal rim and air pressure is applied to the cavity enveloped by the metal rim and the 
pneumatic tire carcass. 

The hereinbefore construction elements, or components, of a pn^matic tire and tire carcass, as well as such 
10 tire/rim assembly, are also well known to those familiar with such tire art. 

It is important to appreciate that uncompounded rubber by itself is generally considered as being. sut>stantially, an 
electrk:al insulator or, in other words, a rather poor corxiuctor of electricity. 

A cartx)n black reinforced rubber v^icular tire, wfvie still providtng a degree of resistarv;e to ffow of elecbidty, has 
a considerably higher electrical conductivity, or lower resistance to f kMv of electrk% than rubber without fhe carbon 
15 black reinforcement. 

It is conskJered herein that a continuous relatively fow electrical resistance path is aeated between the electrk:ally 
conductive metal rim of a tireAvheel (tire/rim) assembly to the outer tire tread surface, and thence to the ground via the 
cartx>n black reinforced rubber of the tire, including its ground-contacting tread component, for such a tire/rim assembly 
mounted on a vehicle which is intended to travel over tiie ground. 

20 In this manner, it is conskiered herein tfiat potential electrical energy, wNch may potentially be created by compo- 
nents of or within a moving vehicle as its rotating wheels arvJ associated tire/rim assemblies as they travel over the 
ground, is disstpated from the rim of a tire/rim assembly on the vehk:le to the ground via the cart>on biack reinforced 
rubber path of the tire carcass and tread, or tread cap of a tread of a cap/base construction, whk:h tread or tread cap. 
as the case may be, is normally the outer ni)ber surface of the tire intended to be ground contacting. 

25 Thus, inoneaspect, itisconskiered herein that the cartxm Uack reinforced rut)t>er of the tire carcass and associ- 
ated tread normally provkie a suffrcientiy low electrical resistance path to dssipate potential electrical energy and, 
theretjy, r^ard or eliminate static electrkal charge from txjikiing up and/or accumulating under dynamb conditions of a 
rotating tire on a vehicle traveling across the ground. 

Attematively, in practice, cartxxi b^adk reinforced rubber tires may sometimes be prepared whk;h have outer rubber 

30 treads designed to t>e ground contacting whk^h are quantitative reinforced witti silk^a arxJ, thus, contain only minimal 
amounts such as. for example, 15 phr or less, of caitx>n black. 

In such silk^a reinforced tire tread construction, although tt^ various other rubber components of the tire, namely, 
the aforesaki overall tire carcass, are quantitatively r^nforced with cartxKi black with a minimal anxHint if any, of sOica 
and, thus, may have a relatively fow electrical resistance on the order of one megohm or less whereas, the silica rein- 

35 faced tread itself may have a sut>stantially high electrical resistance on an order of at least one thousand megohms 
and, thus, such tread aeates a degree of electrk:al insulating effect between the tire carcass and ground. Such a tire 
construction has a sut>stantially less tendency to dissipate static electrk% from ttie tire to the grourvJ, and particularly 
fron the metal rim of a th'e/rim assentbty to the outer surface of the tire tread and thence to the ground. whk;h may be 
generated by a dynanuc condition of the rotation of the tire on a moving vehida Accordingly, a potential for static elec- 

40 trk:ity to txiiU-upi a increase, is conskiered to be higher fa such a tire construction with a silk» reinfaced tread tfian 
fa a similar tire with a cartx>n black reinfaced ti-ead. 

Therefore, it is desirable to provide a suitable path of relatively low electrical resistance between the tire t>6ad pa- 
tion and the tread outer surface fa such a tire having a quantitative silfoa reinfaced rubber tread and minimal, if any, 
cartx)n biack reinfacement. 

45 While the dissf>ation of generated electrfoal energy may not be conrpletely understood, it is t)elieved that, insofar 
as a vehk:ular tire is concerned, electricity may be transmitted primarily from the metal rim, of steel a alLvninum. for 
exarrple, thence on a through the cartx)n black reinforced rubber surface of tiie tire carcass to the outer surface of a 
cartx>n tslack reinfaced rubber tread and thence to the ground. 

It is acknowledged tfiat it might be tfiought of to apply an organk; solvent t>ased or water based coating of carbon 

50 t)lack-containing rubber composition ova the outer surface of the quantitative siltea reinforced rut)ber tread to fadlitate 
a path of relatively low electrical resistance connecting the tire's cartx}n t)iack reinfaced rubber sdewall regfon to the 
outer tread surface, and ther^e the ground as the tire rotates on the vehk:le. Indeed, elastomer/cartx>n k)lack coatings, 
which may be applied as either water-t>ased or organic solvent-t>ased compositions and which are sometimes called 
pre-cure paints, are often applied to various surfaces of green, a unvulcanized, tire construction before the tire is vul- 

55 canized in a suitable mokJ. A purpose for such pre-cure paints might be, for example, to reduce frk:tion b^een the tire 
and its assocfflted vulcanization moU and inaeas air bleed between the tir and moM during the vufoanization oper- 
ation. For example, see US-A-4 857 397 and US-A-4 329 265. 

However, it is recognized tiiat a thin outa rut)ber coating, if applied to a tire tread surface, will relatively quickly wear 
away as the tire is used, leaving the coating on surfaces within the grooves in a tire tread which typically has a 
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lug/groove design or configuration. Thereby, it is considered herein that only a very small porti n of the coating, namely 
the thickness of the coating on the walls of the tire tread lugs, is actually available to be directly presented to, or contact, 
the ground to faciGtate a relatively low electrical resistance from the tire to the ground for a tire with tread which is quan- 
titatively reinforced with silica. 

5 It is. ther^e. considered herein that in order to be practical, the cartx>n black reinforced tread outer top cap layer 
over the outer surface of th silica reinforced rubber tread sfiould be a thin cart>on black-containing rubber layer integral 
with the tread and. thus, having good adhesion to the tread, particularly within the tire tread grooves including the lug 
walls, and present a sufficient aoss-sectional thickness, or surface area, to the ground of the outer top cap layer on the 
tir lug walls to be effective after the said layer wears away from the outer surface of tread lugs. 

10 In one attemative aspect, for a tire tread conventionally configured witii a combination of lugs and grooves, it is 
desired tfiat the grooves connect directly or indirectly with the cartxm black reinforced rubber shoulder of the tire, the 
area of the tire where the sidewall and tread meet, in order for the carbon black reinforced outer cap layer to more fully 
connect with the cartxin black reinforced rubber portion of the tire, namely, the tire carcass and including the tread base 
in the case of a tread cap/t>a5e construction. 

15 In a tire tread cap/base construction, which is well known to those having skill in such art and for the purposes of 
this invention, it is envisioned that the cap is sut>starrtially silica reinforced and its base is substantially cartx>n black rein- 
forced. 

In practice, it is desirat)le that the rubber outer tread top cap layer (i) contains a quantitative amount of cartx)n black 
and is of a relatively bw electrical resistance to aid in dissipation of electrical energy under the aforesaid conditions, (ii) 

20 is covulcanized with the ntto& tire tread in order tfiat it be integral with tfie tread and the walls of grooves of a tire tread 
conf iguratfon composed of lugs and grooves, (iii) be rdatively tfiin so that it does not appreciably affect tfm tread prop- 
erties of the tread, and Ov) be thick enough so a cross-section of the layer on the walls of a lug in a tread of a lug and 
groove configuration can present a suitably low electrical restetarK;e tothe ground so tfiat it is not necessary to limit the 
selection of cartx>n blacks to cartxxi blacks with exceptionally low electrical restetance. Indeed, it is expected tfiat the 

25 outer cap rubber composition will wear off of tfie outer surface of tire tread lugs during use of the tire so tfiat the cross- 
section, or thickness, of the outer cap layer on the lug walls is relied upon to present a path of relatively low electrical 
resistance from the tread to tfie ground. 

As used herein, the terms "quantitatively reinforced with silica", "quantitative silica reinforced rubber and the like 
are generally used in conjunction with a tire tread, and with a rut)ber tire tread cap. in a tread cap/base construction, 

30 which contains 30 to 100, sometimes preferably 30 to 90 phr, of silica, and which may also optionally contain cartxxi 
black in which tiie cartx)n black ts present in not more than 20 phr. Often rt is preferred tfiat the ratio of silica to cartx>n 
black at least 2/1 and sometimes at least 10/1. 

The term "phr" as used herein, and accorcfing to conventional practice, refers to Mparts of a respective material per 
100 parts by weight of rubber^. In the description herein, nisber and elastomer are used interchangeat)ly. 

35 In tiie description herein, the term "vulcanized" or "vulcantzable", may, on occasfon, be used intercfiangeably with 
the terms "cured" and "curable". 

Summary and Practice of the Invention 

40 In accordance with this invention, a tire tread is comprised of a longitudinal strip of co-extruded, sulfur vuk^anizable 
rut)t)erlanriinaecorTposed of(i)atread.and(ii)anoutertopcapoveratleastapo^ outer surface of said tread; 

wherein said tread contains 30 to 100, alternatively 40 to 90, phr of precipitated silica and, optionally, up to 20 phr of 
cartx)n black and wherein said tread outer top cap contains 25 to 100 phr of cartx>n black having a CTAB value in a 
rangeof 80to 150. 

46 In one aspect it is som^mes preferable that for the tire tread, the weight ratio of silica to cartxxi black, if cartxm 
blacks used, is at least 2/1 andpreferabty at least 10/1. 

In further accordance with this invention, a tire tread is comprised of a fongitudinal strip of co-extruded sulfur vul- 
canizat>le rdtibec laminae composed of (0 a tread cap. (ii) an underlying tread k>ase. (iii) optionally nrinivMngs. and (iv) 
an outer cap layer. 

50 In additksnal accordance with this invention, a pneumatic tire is provided which is composed of a carbon tAack rein- 
forced rubber carcass containing sidewalls. t>ead portions axud a circunferential rdtiber tread, wfierein said tread is 
corrprised of a co-extruded sulfur vuteanizabte rubber laminae composed of (i) a ti'ead. and (iO an outer top cap layer; 
wherein sakJ top cap layer contacts at least a portion of said tire carcass arxj extends over the outer suriace portion of 
said tread designed to be ground contacting; wherein said tr^ contains 30 to 1 00 phr of precipitated silk;a and, option- 

55 ally, up to 20 phr of carbon black; and wherein said tread outer top cap contains 25 to 1 00 phr of carbon black having a 
CTAB value in a range of 80 to 150. 

Such tire is vulcanized wfiereby tiie said tread top cap is co-vulcanized and integral with said bread and wherein 
said tread has a lug and groove configuratioa 
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In one aspect of th invention, such tre is provided wherein the said top cap layer is integral with and circumferen- 
ttally covers the peripherat outer surface of eadi side of the outer tread surface designed to be ground contacting and 
covers less than the total outer surface of th tread. For example, such top cap layer may cover less than fifty percent 
of the outer surface of th tread. 

5 In another aspect of the inverrtion, such tir is provided wherein the sidewalls of the tire carcass extend over at least 
a portion of the circumferential extremities of the sides of the tire tread, with the tread's adherent, co-extruded, co-vul- 
canized top cap layer positioned t>etween said tread and said overlaying sidewall. 

In further accordance wrth this invention, a pneumatic tire is provided which is composed of a cartx)n black rein- 
forced rubber carcass having sidewalls, bead portions and a circumferential rubber tread of a cap/base construction, 

10 wherein said tread is comprised of a co-extruded sulfur vulcanizable ni)ber laminae composed of (i) a tread cap^ (ii) an 
underlying tread base, (Hi) optionally rnniwin^ and Ov) an outer top cap layer; wherein said tread base and/or mini- 
wings, if miniwings are used, contact the sidewall of the tire carcass, wherein said miniwings, if used, extend over a por- 
tion of the sidewall of said tire carcass; wherein said top cap layer contacts and extends from at least a portion of said 
tread base and/or miniwin^ in contact with said tire carcass sidewall to and over the outer surface portion of said tread 

15 cap designed to be ground contacting; wherein said tread cap contains 30 to 100 phr of precpitated silica arxi, option- 
ally, up to 20 phr of carbon black; and wherein said tread outer top cap, said tread base and optional miniwin^ contain 
25 to 1 00 phr of cartx>n black having a CTAB value in a range of 80 to 1 50. 

Such tire is vuteanized wheret^ the said tread top cap is co-vulcanized and inte^al with said tread cap and also 
said tread cap and/or optional miniwings and wherein said tread cap has a tug and groove conf iguratioa 

20 In one aspect of the inventk3n, such tire is provided wherein the said top cap layer is integral with and ctrcumferen- 
tially covers the peripheral outer surface of each side of the outer tread surface designed to be ground contacting and 
covers less than the total outer surface of the tread. For example, such top cap layer may cover less tfian fifty percent 
of the outer surface of the tread. 

In another aspect of the invention, such tire is provided where said tread top cap is integral with and covm the 

25 outer surface of said tread base or miniwings. if miniwings are used, provided, however, that the tread top cap layer is 
exclusive of at least a portion of the drcumlerential extremity of the tread base, or miniwin^ are used, which contact 
the carcass sidewall. 

The referenced tread components, namely the tread, tread cap. tread base and miniwings are tread components 
well known to those skilled in such art l=6r clarification, reference to the accompanyir^g drawings nnay be made. 
30 By the terms "co-extrusion" and "co-extruded" it is meant tfiat rubber connponents are extruded through the same 
die and not simply separately extruded and, then joined together. 

In the practice of this invention, the said tread laminae are formed by co-extrusion at a temperature in a range of 
80"C to 150»C. more preferably 100»C to 140*C. 

The hot co-extrusion of the tread conrponents e particularly t>eneficial in creating an integral structure of the lami- 
35 nae not otherwise readily obtainabia In general, co-extrusion of tread cap, tread base and tread miniwings are well 
known to those skilled in such art 

TTie outer tread top cap layer typically has a vuk;anized tfuckness on the outer surface of the tread in a range of 
0.005 to 0.08 cm. This tfiickness is significant as hereinbefore pointed out. 

The outer tread top cap layer is conskiered to be integral with the tread in a sense that it is both co-extruded and 
40 co-vulcanized with the tread. Thus, the outer tread top cap layer is not a sirrple laminate formed coating a relatively 
coM tread with a solvent based rubber corrposition or by applying a relatively oM pre-extruded rubber strip to a rela- 
tively coU tire tread, particularly at temr^ratures of less than about SO'^C, and co-vulcanizing the assennbly. 

Having the aforesakl tread outer cap formed by co-extrusk)n with tiie tread, or with the tread's cap and base in the 
case of a tread cap/t>ase construction, is conskiered herein to t>e a considerable advantage over simply applying a sol- 
45 vent based rubber coating over the tread cap because (i) ac§iesk)n of the components of the laminate is considered 
herein to be better since th^ are created to form the extruded laminate in their hot, unvuU^nized state, (n) a better co- 
vulcanization is conskiered herein to take place, and (iii) a possibility of exposed surface contanmation is reduced or 
eliminated. 

In one aspect of the invention, it is desired that the cart)on blacK particularly for the outer cap layer, be suitably elec- 
50 trically conductive for practical purposes, namely for the rut)ber composition containing the carbon black to have a suit- 
able electrical resistance to suitably dssipate electrical energy as it is generated. It is conskiered herein that the 
electrical resistance of the tire shouM not be more than, and thus a maximum, of about 1 00 megohms as measured by 
Test GT-R which is hereinafter descrbed in Example I. 

In practice, the tire of this invention may be characterized in that and witti a restriction that said tire without saki 
55 tread top cap layer has an electrical resistance greater than 200 megohms and said tire with saki tread top cap has an 
electrical resistam» of less tiian 1 00 megohms, according to Test GT-R, and where sakJ top cap layer has a thk^kness 
in a range of 0.005 to 0.08 cm. 

Suitable cartXHi blacks contemplated for use in this invention ar cartx)n blacks having suffk;ient surface area dem- 
onstrated by a CTAB value in a ran^ of 80 to 1 50. It is recognized that most carbon blacks typically utilized for tire tread 
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reinforcement purposes possess CTAB values which fall within th^ ranga CTAB surface area values and method deter- 
mination for cartx)n blacks ar well kruTwn to thos skilled in such art 

In further accordance with tNs invention, a tire is provided composed of carcass components comprised of sulfur 
vulcanized cartx>n black reinforced elastomers together with an outer circumferential silica reinforced tread having said 
5 co-extruded tread outer top cap layer co-vulcanized therewith. 

In practice, th tread of such tire has a lug and groove configuration. 

In additbnal acccHdance with this inventkm, a cartx>n black reinforced rubber tire is provided having a tread of 
cap/t)ase construction characterized in that sakj tread cap has an outer tread top cap layer on at least a portion of its 
outer surface in which said tread t>a&e tread cap and tread outer cap are, incfividually, comprised of sulfur curable diene 

10 elastomer based compositbns with sakJ tread base being primarily cartxxi black reinforced, saki tread cap being pri- 
marily 8ilk;a reinforced and said outer top cap layer k>eing primarily carbon black retnfbrced rdtiber compcg tion. 

By the term "co-vulcanized" it is meant that the co-extruded tread components are co-vulcanized togetfi?and with 
the nisber tire carcass. Such co-vulcanization is well known to those having skill in such art. 

In further accordance with this invention, a method of manufacturing a tire Is provided whrch compr^ the steps 

IS of (A) co-extruding a tire tread composite as a laminae of a silica reinforced sulfur vulcanizable rubber tread and a thin 
cartxHi black reinforced sulfur vuk:anizable rubber tread outer top cap layer and (B) applying said tire tread composite 
onto a tire carcass of cartx)n k)lack reinforced rubber to form a tire assembly thereof; wherein sakj thin outer top cap 
portkxi is adherent to and extends across at least a portion of the outer surface of saki tread intended to be ground con- 
tacting and contacts at least one other carbon black reinforced rubber component of the carcass of the tire. 

20 In one aspect, the extruded tire tread portion of the laminae is composed of a cap/base corrst^ 

cap portk)n is a silk;a reinforced rubber, the tread base portion is a cartx>n black reinforced rubber and the aforesakJ 
thin outer top cap layer is. adhered to at least a portk>n of the outer suface of the sakI tread cap intended to ground 
contacting. 

The resultant tire assembly is shaped and sulfur cured in a suitak)le nrx>kj to form a vulcanized tira 
25 The aforesaid tread top cap layer is designed to form a continuous electrical path of less tfian 100, preferat)ly less 
than 20, megohms between itself, and thus the ground when the tire tread is in corrtact with the ground, and the tire 
carcass t>ead portk>n. iriduding a metal tire rim when the tire is mounted on a m^ rim, accorcfing to Test GT-R. 

While not limited thereto, various sulfur vuteanizable elastomers and cont>inatkMis thereof may be used in the con- 
struction of various elements of the tire. 
30 Elastomers contemplated and honrK)polymers and copolymers of conjugated dene tiydFocaftx>ns and copolymers 
of conjugated dienes arvJ aromatk; vinyl compounds such as, for example, styrene and al0hamethylstyrene. Represent- 
ative of ^arious dienes are, for example, isoprene arxi butadiena Representative of various elastomers are, for exam- 
pl , CIS 1,4-potyisoprene (natural and synthetic), ds 1 ,4-polytxJtadiene, styrene/butadiene copolymers both ^fmilsion 
and organk: solutkxi polymerizatfon prepared copolymers, tsoprene/txitadiene copolymers. 3.4-polyisoprene. medium 
35 vinyl polytxitadiene containing 30 to 70 percent vinyl content and styrene/isoprene/txjtadiene terpolymers. 

The tire is then constructed by buiUing a co-extruded tread onto a rubber tire carcass. Such construction and build- 
ing process are well known to those having skill in such art 

Tire assembly is vuk:anized in a suitable vnM under concfitions of elevated temperature, for example, in a range of 
140»Cto180»a 

40 The co-vuk:anized. cartx>n black reinforced, rubber tread outer top cap of the tread provkies a relatively low path of 
electrical resistance, as compared to a silk^a reinforced tire tread and. thus, a path for cBssipation of static electricity 
between the grourxi and the tire bead portk>n and thence the metal rim of the vehk:ular wheel on which the tire may be 
mounted. 

After the tire tread, in servk;e. becomes worn so that the ruSober tread outer top cap layer is worn away from the 
45 outer surface of the lugs of a tire tread having a lug and groove configuratkm, the path for dissipation of static electricity 
is maintained t^y the outer tread top cap layer on the walls of the lugs of a tread of a lug/^oove configuration. 

The accompanying drawings are provkled for further understanding of the inventton. although it is not intended that 
the inventbn be limited to the presentation of the drawings. In the drawings: 

50 FIGS 1 . 2 and 3 are a cross-sectional views of extruded, silk;a reinforced unvulcanized. sulfur curable nAA)&r tread 
strips, showing an optional cap/t>ase or capft)ase-wing construction, liaving a thin rubber outer top cap portion ther- 
eover, which contains a quantitative anrxHjnt of cartx>n black r^nforcement 

FIGS 4, 5 and 6 are similar to FIGS 1 , 2 and 3 except that sakj outer top cap portion covers only a part of the tread 
surface at the outer edge portions of the tread strip. 
55 FIG 7 depkrts a cross-sectfonal, perspective view of a tire with a tread of cap/base construction with the unvulcan- 
ized extruded tread strip positioned on the tire carcass. 

FIG 8 is a cross-sectional view of a portion of a shaped and vulcanized tire in its tread region, shewing th optional 
cap/k>ase tread construction with a co-extruded outer cap layer thereover, in whk;h the tread's raised lug portior^ 
and recessed ^oove configuration is depkned. 
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FIG 9 is a cross-sectional, perspective view of a shaped and vulcanized tire showing the optional cap/base tread 
construction, with a co-extruded outer top cap layer thereover, together with the tread's lug and ^oove configura- 
tion. 

FIG 10 is similar to FIG 9 except that it depicts a portion of the aforesaid outer tread top cap layer being worn, or 
5 txiffed, away. 

FIG 1 1 and FIG 12 relate to an electrical resistance test hereinafter described In Example I and referred to therein 
as Test GT-R. 

Referring to the drawings, a cross-sections of co-extruded unvulcanized rubber treads 1 -6 are shown having por- 
10 tions which will t>ecome, after building the tire arxJ upon shaping and vulcanizing the tire in a suitable mold, the tread 
cap 8, riormally Intended to t>e ground contacting, overlaying tfie optional tread base 7 wtiich supports the tread, and 
optional miniwings 7A arxi 76 which may abridge a portion of the tread and sidewaD 1 2 of the tire. Over a portion of the 
extrusion that will become the tread and over a portion that will t>ecome the miniwings 7A or 7B adjacent the tre^ is a 
thin, co-extruded rubber outer top cap layer 9 or 9A of rut)ber which contairts a quantitative anrK)unt of cartx>n black and 
IS a minimal amount if any. of silica. 

It is important to appreciate that the tread base is an optional, alttiough often desirable, tire tread component. The 
aforesaid miniwings 7A and 7B are conventionally a part of. or extension of. the tread t>ase in a tread's cap/t>ase corh 
struction. The miniwings could be a separately oo-extruded component of the tread. Miniwings for a tread cap/t>ase 
construction are considered herein to be well krKwn to those skilled in the tire txjilding and manufacturing art. 
20 All of the tread components, namely the optional base, cap, outer, integral top cap^ and base miniwings if any. are. 
In practk;e. extruded together in a multiplex extruder to form the tread strip cor^structkm. Such extrusbn processes are 
well known to those having skill in such art. 

In practice, the optional rubber tread t>ase 7 is cartx>n black reinforced, as are the n^^ 
cap 8, or tread itself in the at>sence of a base, may be sitica reinforced and the aforesaki co-extruded outer rubber cap 
25 9 is carbon black reinforced. 

The outer top cap layer extrusk>n. wttile it contacts t>y connecting with, such as abutting or overlapping the outer 
surface of the optk>nal t>ase-wing 7A or 7B of the optional tread k>ase 7. may extend to its terminus 10 which Is not 
errtirely to the extremity, or extreme edge, of said t)ase-wing 7A or 78 of optional tread t>ase 7. 

In one aspect of the inventk>n, as deleted In FIGS 4, 5 and 6, the co-extruded outer cap layer 9 may only partially 
30 cover the tread or tread cap 8, namely, extending, for example, from its outer terminus 10 to its inner terminus 19. 

The tire construction, as depicted In FIG 7 with the co-extruded tread built onto the tire carcass, is shaped and vul- 
canized In a suitak)le moM to form a tire as depicted in FIGS 8, 9 and 10. having a tread configured with what is referred 
to herein tugs 14 arxi grooves 15. The sakl co-extruded outer cap layer 9. whk;h becomes covuteanized with the tire, 
is shown as the aspect of the inventkm whk:h covers the outer surface and walls of the lugs 8 arxJ the txrttoms of the 
35 grooves 15 and Hs edge 10 extends to and covm at least a portion of the cartx)n t)lack reinforced rubber of the sakJ 
miniwings 7A or 7B which now overiay a part of the tire skiewall 12 boated in the sfiouMer regk)n of the tire where the 
tread and skiewalls 12 join. 

As the tire, having fc>een mounted and inflated on a suitable electrically conductive rigkJ metal rim. itself mounted on 
a wheel of a vehicle, rolls across the grourxl, a path for electrical dissipatkm. is created between the rim to the tread. 
40 and thereby the ground, by the aforesakJ electrically conductive top cap layer as it corrtacts at least one other carbon 
black r^nforced rubber component of ftie tire. 

As the saki outer top cap 9 on tfie outer, ground-contacting surfaces of the tread lugs 1 4 wears away to present a 
part 1 8 of the underlaying tread cap 8, an electrical path t>etween the ground and shouMer of the tire Is maintained by 
the said outer cap 9 on the walls of the tread lugs 8, which themselves contact the ground, and further via connecting 
45 groove path whk:hexterKls to the saki cartx>n black reinforced carcass of the tire. 

In practk:e, the ccMnmonly empkiyed sllk:eous pigments used In rubber compounding applk;atk>ns are preferably 
precipitated silk^eous pigments (referred to herein as silk;a). 

The silk:eous pigments pr^erably employed in this invention are predpttated silk;as such as, for example, those 
obtained tyy the ackiifrcation of a soluble siPicate. eg., sodium silrcate. 
so The siliceous pigment (silk^a) shoukJ, for example, have an ultimate particle size in a range of 50 to 10.000 ang- 
stroms, preferably k}etween 50 and 400 angstroms. The BET surface area of the pigment, a measurement using nitro- 
gen gas. is preferably in the range of 50 to 300, preferat)ly 120 to 200. square meters per gram. The BET method of 
measuring suriace area is descrft)ed in the Journal of the American Cherrocal Sodetv. Volume 60, page 304 (1930). 

The silica also typk;ally has a dibutytphthalate (DBP) absorption value in a range of 100 to 400. and usually 150 to 

55 300. 

The silica might be expected to have an average ultimate particle size, for exairple, in a range of 0.01 to 0.05 
mk;ron as deternrnned by th electron mk^roscope, although the silk:a particles may t>e even smaller in size. 

Various commercially availat)le silcas may t>e conskJered for use in this invention such as, for example, only and 
without linrvtation, silk^as commercially available from PPG Industries under the Hi-Sil trademari< with designatk>ns 210, 
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243, etc; silicas available from Rhone-Poulenc, such as, for example, Zeosil 1165MP and silicas available from 
Degussa AG with designations such as, for example, Vt^. VN3, and 3370. 

When quantitative silica reinforcement is desired tor a rubber tire tread, particulate, precipitated silica is convention- 
ally used with a coupling agent, or wtiat is sometimes referred to as a silica coupler. Compounds capable of reacting 

5 with both the silica surface and the rubber elastomer molecule, in a manner to cause the silica to have a reinfordng 
effect on the rubt>er, many of which are generally known to those skilled in such art as coupling agents, or couplers, are 
often used. Such coupling agents, for example, may be pr^ruxed, or pre-reacted, with the silica particles or added to 
the rubt>er mix during the rubt>er/silica processing, or mixing, stage. If the coupling agent and silica are added sepa- 
rately to the rubber mix during tiie rubber/silica mixing, or processing stage, it is considered that the coipling agerrt then 

10 combines in situ with the silica 

In particular, such coupling agents may, for example, be composed of a silane which has a constituent component, 
or nxxety, (the silane portion) capable of reacting with the silica surface and, also, a constituent component or moiety, 
capable of reacting with the rubber, particularly a sulfur vulcanizable rubber which contains cartx}n-toK»rtx)n double 
bonds, or unsaturatioa In tiiis manner, then the coupler acts as a connecting bridge t>etween the silica and the rubber 

IS and thereby enhances the ritber reinforcement aspect of the silica 

In one aspect, the silane of the coupling agent apparentiy forms a borxJ to the silk^a surface, possibly through 
hydrolysis, and the rubber reactive component of the coupling agent comt>ines with the ruksber itself. 

Numerous coupling agents are taught for use in combining silica and rubber, such as lor example, silane coupling 
agents containing a polysutfide component, or structure, such as bis-(3-triethoxysitylpropyl)tetrasulf ide. 

20 It is readily understood by tfK>se having skill in the art that the rubber composition of the tread rut)ber would be com- 
pounded by methods generally known in the rubber compounding art, such as mixing the various 8ulfur-vuk;anizable 
constituent rubbers with various oonrwnonly used additive materials such as. for example, curing aids, such as sulfur, 
activators, retarders and accelerators, processing adctitives. such as oils, resins irvduding tackifying resins, silicas, and 
plastidzers, ffllers. pigments, fatty ackJ, zinc oxide, waxes, antiaxidanls and antiozonants. peptizing agents and reinforc- 
es ing materials such as, for example, cartxxi black. As known to those skilled in the art depending on the intended use 
of the sulfur vuk;anizable and sulfur vulcanized material (rubbers), the additives mentioned at)ove are selected and 
commonly used in conventional amounts. 

Typk:ally additions of cartx>n black, for this invention, if used, are hereinbefore set forth. Typical amounts of tackif ier 
resins, if used, comprise 0.5 to 10 phr, usually 1 to5 phr. Typical amcHints of processing aids comprise 1 to 50 phr. Such 

30 processing akte can include, for example, aromatic, napth^c, andJor paraffinic processing oils. Typical amounts of 
antioxidants comprise 1 to 5 ^r. Representative antiCKidants nnay be, for example, cfiphenyl-p-phenytenedianftine and 
others, such as. for example, those diseased in the VandertMlt Rubber Handbook (1978), pages 344-346. Typrcal 
amounts of antiozonants corrprise 1 to 5 phr. Typk^al amounts of fatty adds, if used, which can indude steark; add com- 
prise 0.5 to 3 phr. Typk:al amounts of zinc oxkie corrprise 2 to 5 phr. Typical amounts of waxes corrprise 1 to 5 phr. 

3S Often microcrystalline waxes are used. Typk^al amounts of peptizers corrprise 0.1 to 1 phr. Typk;al peptizers may be, 
for example, pentachlorotftiophenol and cfibenzamidodiphenyt dsutfide. 

The vuteanization is conducted in the presence of a sulfur vuk^anizing agent. Exanples of suitable sulfur vuteaniz- 
ing agents irx:luide elemental sulfur (free sulfur) or sulfur donating vulcanizing agents, for example, an amine cfisutf ide, 
polymerk; pdysulfide or sulfur ol^n adducts. Pr^erably, the sulfur vulcanizing agent is elemental sulfur. As known to 

40 those skilled in the art sulfur vuteanizing agents are used in an amount ranging from 0.5 to 4 phr, or even, in some dr- 
cumstances, up to 8 phr, with a range of from 1 .5 to 2.5, sometimes from 2 to 2.5, being preferred. 

Accelerators are used to control the time and/or temperature required for vuk;anization and to inprove the proper- 
ties of the vuk;anizate. Retarders are also used to control the rate of vulcanization. In one embodiment a single accel- 
erator system may t>e used. i.&. primary accelerator. Conventionally and preferably, a primary acceleratDr(s) is used in 

45 total arrKHjnts rangir^ from 0.5 to 4, preferably 6.8 to 1 .5, phr. In another embodiment combinations of a primary or and 
a secorxlary accelerator might be used, with the secondary accelerator t>eing used in amounts of 0.05 to 3 phr, for 
exanple. in order to activate and to irrprove the properties of the vuk^anizate. Combinations of these accelerators might 
be escpected to produ:e a synergistic effect on the final properties ard are soniewfi^ 

of either accelerator alone. In addition, delayed action accelerators may be used which are not affected by normal 
so processing temperatures but produce a satisfactory cure at ordinary vulcanization temperatures. Suitable types of 
accelerators that may be used in the present invention are amines, disutfkJes. guanidines. thkxjreas. thiazoles, 
thiurams, sutfenamides, dithiocart>amates and xanthates. Preferably, the primary accelerator is a sulfenamide. If a sec- 
ond accelerator is used, the secondary accelerator is preferat)ly a guankjine, dithkx:art>amate or thiuram compound. 
The presence and relative anfKXjnts of sulfur vulcanizing agent and accelerator(s) are not consktered to be an aspect 
55 of this invention whk^h is more primarily directed to the use of silica as a reinfordng f aier in conrt>ination with a coupling 
agent. 

The presence and relativ anriounts of the above additives are not conskfered to be an aspect of the present inv n- 
tion which » more primarily directed to a tire with a tread outer cap of carbon tAack reinforced rut)ber over a silk>a rein- 
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forced portion of the tread to provide a path of relatively low electrical resistance from the outer surface of the tread to 
the bead portion of the tread. 

The tire can t>e built, shaped. nrK>lded and cured by various methods which will be readily apparerrt to those having 
skill in such art. 

5 The invention may t»e better urxJerstood by reference to th following examples in which the parts and percentages 
are by weight unless othenwise indicated. 

EXAMPLE I 

10 Electrical resistance of a tire, for the purposes of this invention, is measured with the assistance of an electrically 
conductive rigid metal (steel or aluminum alloy, for exarrple) rim onto which the tire \s nvninted, a flat copper plate onto 
which the tire of a rim and tire assembly is pressed, an applied voltage and an instrunent for measuring the associated 
electrical resistance between the rim and the aforesaid copper plate. 

The test prescribed herein is designated herein as Test GT-R. Such test is not, at this time, a prescribed ASTM or 

15 tire irxiustry association test procedure. 

A pparatus : 

1 . ttiin, flat copper strip having a length and width of 3 inches (7.6 cm) and 0.5 inches (1.3 cm), respectively, posi- 
20 tioned between the metal wheel rim arxl tire k>ead; 

2. flat copper plate having a thickness of atx>ut 0.25 inch (6.3 mm) and length and width of 18 inches (46 cm) and 
13 inches (33 cm), respectively; 

3. machine grade Lexan® (General Electric) pdycartxjnate plastic blocK which is relatively dear, having a thick- 
ness of about one inch and a length and width of about 21 inches (53 cm) and about 18 inches (46 cm), respec- 
ts tively; 

4. voltage source and resistance meter instrumentation (AEMC Megohmeter Model 5000, Boston, Massachusetts); 

5. appropriate copper connective wiring; 

(a) from the copper strip to the Megohmeter; and 
30 (b) from one corner of the copper plate to the Megohmeter; 

6. tire; 

7. electrically corxfiKiive steel wheel rim; and 

8. apparatus for pressing the tire/lrim assembly agair^ the copper plate and associated pressure measuring instru- 
35 ment 

For an understarxiing of the test procedure, reference is made to FIG 1 1 which is a cfiagramm a tic. simplified repre- 
sentation of a portion of the overall apparatus and FIG 12 is a simplified electrical diagram associated therewith. 
Referring to the simplified drawings, the tire 20 is mounted on a steel rim and inflated with air pressure to 100 per- 
40 cent of a Tire & Rim Association (T&RA) design inflation for the particular tire to form a tire/rim assembly thereof. The 
T&RA specifications for various tires are well known to those having skill in such art 

The copper plate 22 is centered on a surface of the polycartx>nate plastic bkx:k 23 and affixed to the block 23 witt) 
very small metal screws at each of the four corners of the plate 22. 

The tire^im assembly is positioned on an adjustat>le apparatus 21 composed of an electrically conductive metal 
45 crossk>ar fitted ttrrough the rim of the tire/rim assembly, adjustable electrically conductive nrietal iprights which are 
affixed to a bottom electrically conductive plate, or platform. The polycartx>nate plastic bkxic 23 with its copper plate 22 
is positioned on the said metal plate; or platform of the apparatus 21 . Ihe tire 20 of the tire/rim assembly is positioned 
onto the said copper plate 22. Force is applied by the apparatus 21 via adjusting its said metal uprights arxi thereby 
causing the sakf metal aossbar to press the rim of the tire/rim assenrMy and to thereby force the tire 20 against the 
50 copper plate at 85 percent of the tire's T&RA design load. 

One insulated copper wire is connected k)etween the Megohmeter to the aforesaid copper strip and one insulated 
copper wire is connected between one comer of the aforesaid copper plate to tfie Megohm^er. 
Voltage (DC voltage) is applied via the wires to ttie afbresaki copper sbip and to the copper plate. 
The electrical resistance of the tire is determined by solving the formula for parallel resistarices of (0 the tire and (ii) 
55 Lexan® block: 

Rm = — wher 
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Rp is the electrical resistance of the copper plate/Lexan® block assembly, or in this case. 1 500 G Ohms; 

Rt is the tire resistance; and 

Rmtsth resistance measured by the Megohmeter. 

s Procedurally, a constant cun-ent of about 33 microamps is initially applied, with a variable voltage of up to 1300 
volts, by the Megohmeter to th_ aforesaid copper strip and to the aforesaid copper plate. The resistance (Rm) is read 
dir ctly from a meter on the instrument. This initial procedure is generally sufficient for tires with carbon black reinforced 
rubber carcasses and carbon black reinforced treads, including tread caps and bases for treads of capA>ase construc- 
tions. 

10 However, for tires having treads with outer tread caps which are sut>stantially silica reinforced, the electrical res^- 
ance may be too great to be readily measured by reading the instrument's meter. In such circumstance, an inaeased 
DC voltage of 5000 volts is applied and the resistance (Rm) is then read directly from the instrument's meter. 

EXAMPLE II 

75 

Pneumatic rubber tires, id^rtified herein as Tires A. B, C and D, were prepared of a P225/60R16 type and siza All 
of the tires had identical cartxvi black reinforced rubber carcasses with associated beads and skiewalls. All of the tires 
had treads of a capA>ase-wing constructicv}. All of the treads had the same surface configuration of lugs and grooves, 
with the grooves connecting with the tires' stdewalls in the sftoukier region. 
20 All of the tire treads were composed of a of co-extruded laminae, composed of (i) tread base-wing and cap or (iQ 
tread base, cap and full or partial outer cap. 

The tires had a tread base-wing composed of cartoon black reinforced rut)ber co-extruded with a silica reinforced 
rut)t)er tread capi 

The tire identified herein as Tire B had a tread composed of cartx>n black reinforced rubber base co-extruded with 
25 a rubber cap^ which was quantitatively reinforced with precipitated silica, together with a cartx)n black reinforced outer 
top cap across the outer surface of the tread cap. 

The tire identified herein as Tire C had a tread similar to Tire B except that the co-extruded outer tread cap 
extended only partially ever said tread cap in a manner shewn in FIG 4 of tfie drawings. 

The tire identified herein as Tire D was the same as Tire C except that half the thickness of the tread had t>een 
30 buffed away, thus, removing the outer cap from tfie outer lug surfaces. 

The tires were evaluated for their electrical resistance by the aforesaid Test GT-R. 

The compositions for the respective tread base, caps and top cap were comprised of the materials shown in the 
folkMring Tables 1 - 3. 

Tire A*s tread was a co-extrusion of the base shown in Table 1 arxi cap shown in Table 2. 
35 Tire B'stread was aco-extrusionofttiebasesfiGwn in Talilel, cap shewn in Table 2 arxit^ 

Tire C and D's treads were a co-extrusion of the t>ase sf^own in Table 1 , cap sfKSwn in Table 2 and partial top cap 
shown in Table 4. 

The aforesaid co-extruded treads were suitably built onto the tire carcasses and the assembly thereof vulcanized 
in a tire moki at a temperature of about 1 60*^0 for about 1 5 minutes to form cured pneumatic tires with tread configura- 
40 tions of lugs and g-ooves. 
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Table 1 



(Base) 


Tires A. B. C & D 




BR^ 


60 


Natural Rubber^ 


40 


Processing Aids^ 


18 


Fatty Acid 


1 


Cart)on BtacK N550 


50 


Productive MixSta^e 


Sulfur 


2 


Zinc Oxide 


4 


Antioxidant(s)'^ 


3 


SuHenamide and Thturam Type Accelerators 


0.6 



1} Cis 1 ,4-polyt3iitacfiene rubber obtained as 
Budene® 1207 from TTie Goodyear Tve & Rubber 
CofT^>any. 

2) Natural rubber (ds 1 ,4-polyisoprene). 

3) Rubber processing oil, plastictzers, resins and 
waxes. 

4) Of the (fi-aryl paraphenylene diamine and dihydrot- 
rimethyt quinoRne type. 



Table 2 (Cap) 


Tires A, B, C & D 


X 


Non-Productive Mix Stages 


E-SBR' 


25 


Isoprene/Butadiene^ Rubber 


45 


BR^ 


20 


Natural Rubber* 


10 


Processing Aids* 


30 


Fatty Acid 


2 


Silica' 


80 
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Carbon Black, Tread Type 


0 


Coupling Agent® 


12 


Productive Mix Stage 


Sulfur 


1 


Zinc Oxide 


4 


Antioxidant (s)^ 


3 


Sulfenamide and Thiuram Type Accelerators 


4 



1) Emulsion polymerization prepared SBR obtainable 
from The Goodyear Tire & Rubber Company having 
styrene contents of about 23 percent. 

2) Isoprene/butadiene copolymer elastomer having a 
Tg of about -45*'C and an isoprene content of 
about 50 percent obtained from The Goodyear Tire 
& Rubber Company. 

3) Cis 1/ 4-polybutadiene rubber obtained as Budene® 
1207 from The Goodyear Tire & Rubber Company. 

4) Natural ruJbber (cis 1/ 4-polyisoprene) . 

5) Rubber processing oil as being about 9.4 parts in 
the E-SBR, where the amount of E-SBR is reported 
above on a dry weight (without the oil) and in 
addition, about 14 parts additional rubber 
processing oil, plasticizers, resins and waxes 
were added . 

6) Of the di-aryl paraphenylene diamine and dihydro- 
trimethyl quinoline type. 

7) A silica obtained as Zeopol 8745 from the Huber 
company . 

8) obtained as bis-3- 
(triethoxysilylpropyl) tetrasulf ide (50% active) 
commercially available as X50S from Degussa as a 
50/50 blend of the tetrasulfide with N330 carbon 
black (thus, considered 50% active) . 



12 



EP0732 229A1 



Table 3 



crop Cap) 


Tires B. C & D 




Non-Produdive Mix Stages 


E-SBR^ 


90 


Natural Rutaber^ 


10 


Processing Aids^ 


40 


Fatty Acid 


2 


Cartxm ^cK N220 


70 


ProductiYe Mix Stage 


Sulfur 


1 


Zinc Oxide 


4 


Antioxidant(s)'^ 


3 


Sulfenamide and Thiuram Type Acceterators 


4 



1} Emulsion potymerization prepared SBR obteina- 
ble from The Goodyear Tore & Rubber Company 
having styrene content about 23 percent. 

2) Natural rubber (ds 1 ,4-polyisoprene). 

3) Rubber processing oil as being about 33.8 parts 
in the E-SBR. where the amount of E-SBR is 
reported atxjve on adry weight (wittiout the oiO and 
in addition, about 1 1 parts additional rubber 
processing oil, plasticizefs, resins and waxes were 
added. 

4) Of the dharyl paraplienylene diamine and cfihy- 
drotrimeltiyl quino&ie type. 



EXAMPt-E II 

40 

Electrical resistance measurements were conducted on Tires A, B, C and D using the hereinbefore de5crft>ed Test 
GT-R. The results of the tests are shown in the following Table 4. 



Table 4 



Tire 


ElectricaP- Resistance 


A 


20.000 


B 


3 


C 


18 


D 


14 



1) Megohms. 



55 

These electrical resistance measurements denrxxistrate that, for a tire with tread of silica reinforced rutsber, the 
application of the co-extruded, covulcanized top cap layer on th outer surface of the tread significantly reduced the 
electrical resistance of the tire. 
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In particular, for a tire with a silica reinforced tread having an electrical resistance of 20.000 megohms for Tire A. 
the application of the co-extruded, co-vulcanized, integral top cap layer (i) on the outer surface of the tread lor Tire B 
reduced the electrical resistance of the tire to 3 megohms. (1)) over a portion of the outer surfac of the tire for Tire C 
reduced the electrical resistanc ofth tire to 18 megohms r(iii) over the uter surface of the tread followed by buffing 

5 the layer off of the outer surface of the tread lugs for Tire D reduced the electrical resistance of the tire to 14 megohms, 
ft is recognized that the electrical resistance value for Tire D is less than th electrical resistance value for Tire C, hew- 
ever, these reported values are believed to be within experimental variation. 

While certain representative embodiments and details have been shewn for the purpose of illustrating the inven- 
tion, it will be apparent to those skilled in this art that various changes and modifications may be made th^ein without 

10 departing from the scope of the claims. 

Claims 

1. A pneumatic tire composed of a cartx>n black reinforced rubber carcass containing sidewalls, bead portions and a 
75 circumferential rut>ber tread, wherein said tread is characterized by being comprised of a co-extruded sulfur vulcan- 

izable rubber laminae composed of (i) a tread, and (ii) an outer top cap layer; wherein said top cap layer contacts 
at least a portion of said tire carcass and extends over the outer surface portion of said tread designed to be gound 
contacting; wherein said tread contains 30 to 100 phr of precipitated silica and. optionally, up to 20 phr of carton 
black; and wherein said tread outer top cap contains 25 to 1 00 phr of cartxm black having a CTAB value in a range 
20 ofSOtolSO. 

2. A pneumatic tire composed of a cartx>n t)lack reinforced rubber carcass having sidewalls. t>ead portk)ns and a cir- 
cumferential ndbber tread of a cap/base construction, characterized in that the said tread is comprised of a co- 
extruded sulfur vuteanizable rubber lanrvnae conrposed of (i) a tread cap, (ii) an underlying tread base, (iii) option- 

25 ally miniwings, and (iv) an outer top cap layer; wherein said tread base and/or miniwings. if miniwings are used, 
contact the sidewall of the tire carcass, wherein said miniwings. if used, extend ever a portion of the sidewall of said 
tire carcass; wherein said top cap layer contacts and extends from at least a portion of said tread t>ase and/or min- 
iwings in contact with said tire carcass sidewall to and over the outer surface portion of said tread cap designed to 
be ground contacting; wherein said tread cap contains 30 to 100 phr of precipitated silica and, optionally, up to 20 

30 phr of cartx>n black; and wherein said tread outer top cap. said tread base and optional miniwings contain 25 to 1 00 
phr of cart)on black having a CTAB value in a range of 80 to 1 50. 

3. The tire of claim 2 characterized in that the tire is vulcanized wherefc)y the said tread top cap is covutcanized and 
integral with said tread cap and ateo said tread cap and/or optional miniwings and wherein said tread cap has a lug 

35 arxJ groove configuration. 

4. The tire of daim 3 characterized in that the said tread top cap is integral with and covers the outer surface of said 
tread base and/or miniwings. if miniwings are used, provided, however, tfiat the tread top cap layer is exdi^e of 
at least a portion of the drcumferential extremity of said tread base and/or miniwing which contacts the carcass 

40 sidewall. 

5. The tire of daim 1 characterized in that the sidewalls of the tire carcass extend over at least a portion of the drcum- 
ferential extremities of the sides of the tire tread, with the tread's adherent, co-extruded, co-vulcanized top cap layer 
positioned between said tread and said overlaying skiewall. 

45 

6. The tire of daim 1, 2, 3, 4 or 5 diaraderized in that the said integral top cap layer is integral with and drcumferen- 
tially CGvers the peripheral outer surface of each side of the outer tread surfece adapted to be ground contacting 
and covers less than tfte total outer surface of the tread. 

50 7. The tire of daim 1 or 2 characterized in that the said tread laminae are formed by co-extrusion at a temperature in 
a range off 80*'C to 150*C. 

8. The tire of any of daims 4 to 6 characterized in that the tire is vuk;anized whereby the said tread top cap is co-vul- 
canized and integral with said tread cap and wherein said tread cap has a lug and groove configuration. 

55 

9. Th tire of claim 3 or 8 charaderized in that and with a restriction that said tire without sai^ 

an electrical resistarK;e greater than 200 megohms and said tire with said tread top cap has an electrical resistance 
of less than 100 megohms, according to Test GT-R. and in that said top cap layer has a thickness in a rang of 
0.005 to 0.8 cm. 
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